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Bean leaf cells exhibit ultrastructu ral damage when
glutaraldehyde fixat ives or buffer washes are app lied for
prolonged periods. The maximum t imes in these process ing
steps are inf luenced by the choi ce of buffe r. Prolonged
periods in low concentrations of acetone also cause
damage. This damage is prog ressively less obvious in
higher concent rat ions. Extended holdin g t imes in anhydrous
acetone are poss ible, espec ially if phosp hate or cacodylate
buffe rs are employed during fixation.
S. Afr. J. Bot. 1986, 52: 95 - 99
Selle van boontj ieblare vertoon ultrastruk turele skade indien
dit vir lang tye aan fiks eermiddels of aan buffer-was
op loss ings blootgestel word . Die maksimum periodes in
hierd ie prosess eerstappe wo rd be'invloed deur die keuse van
buffer. Lang periodes in lae konsentrasies asetoon
veroorsaak ook skade. Hierdie skade word progressief
minder in hoer konsentrasies. Lang periode s in anhid riese
asetoon is moontli k, veral indien tostaat- of kakodi laat-
buffers gedurende fik sering gebruik word .
S.-A fr. Tydskr. Plantk. 1986, 52: 95 - 99
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Introduction
When plant material that has to be processed for ultrastruc-
tural studies, is available in the laboratory, processing times
can be optimized for the specific material. Processing times
become an important factor when the plant material is avail-
able only in the field. Owing to practical considerations, it
may not be possible to adhere to a rigid time schedule during
the processing procedure.
The choice of where to suspend the procedure (for longer
or shorter times) is difficult. Laboratory lore suggests various
'safe' steps, such as rinsing with buffer or 70070 dehydration
fluid, in which the material may be left. Hayat (1970)suggests
that minimum time schedules are to be preferred, but the
ultrastructural implications of longer periods are not comment-
ed on . Ha yat (1981) mentions that PIPES is preferabl e as
buffer for biopsy specimens when long fixation schedules are
inevitable.
Our own experience with plant tissue suggests that PIPES
is not the ideal buffer for long fixation periods, owing to
precipitation of granular deposits. Collins & MacNichol (1978)
explored the effect of long fixation times in a modified Kar-
novsky-type fixative on fish retina. At light microscopical level
they found no deleterious effects associated with fixation
periods of a month. At electron microscopical level, Sato &
Takagi (1982) found that liver tissue showed 'almost no'
ultrastructural changes after 3 days fixation in buffered for-
malin , but that extensive membrane destruction is seen after
60 days in the fixative.
Meek (1970) and Sabatini et al. (1963) state that some
glutaraldehyde-fixed tissues may be stored in buffer for ex-
tended periods . Weakley (1981), however , mentions that this
pract ice is not recommended.
These fragmentary, and sometimes conflicting, reports offer
very little help to the botanist who has to process tissue in
the field. The results that we are reporting here will hopefully
enable researchers to suspend processing at a given point ,
without adversely affecting the ultrastructure of the material.
Materials and Methods
Samples (I mrrr') were obtained from a single leaflet of a
young bean plant (Phaseolus vulgaris) grown in the greenhouse
under natural light. This material was chosen because we have
found it to be a sensitive indicator of processing damage .
Control samples were processed as follows: 2,5% glutaral-
dehyde in buffer, 4 h; 3 buffer washes, 15 min each; aqueou s
acetone (20%,30%,50%, 70%, 90%, 100%) ,20 min each,
followed by 2 changes of 100% acetone, 20 min each.
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Infiltration was in Spurr' s resin (Spurr 1969), (2 h in 30% resin
in acetone, 2 h in 60070 resin in acetone, 2 h in 100070 resin)
and the resin polymerized in flat embedding moulds for IS h
at 600e. All final buffer concentrations were 0, I mol dm - 3.
Samples were processed with either Na-cacodylate, Na-Na-
phosphate or PIPES buffer, pH 7,2. Processing was carried
out at 20°e.
The effect of different processing times on the ultrastructure
was evaluated by varying the length of a singleprocessing step
for each treatment. The duration of all other processing steps
was kept as for the controls .
The effect of immersion of the tissue pieces for I h, 4 h,
16 h, 2 days, 7 days and 28 days in the primary fixative, last
pre-osmication buffer wash, last post-osmication buffer wash,
20070 acetone, 70070 acetone and 100070 acetone steps was
evaluated for the three buffer systems.
Seven and 28-day periods were included to ascertain what
time period would cause obvious ultrastructural alterations.
This proved to be invaluable when identifying the longest
interval that did not cause any discernible ultrastructural
damage .
Gold sections were cut using a Reichert Ultracut E ultra-
microtome and a Diatome diamond knife and contrasted for
10 min in 4070 aqueous uranyl acetate (Watson 1958) and
2 min in lead citrate (Reynolds 1963).
Micrographs of representative palisade cells were taken at
7 500 x and 28 000 x at 60 kV. At least two independent
samples of each treatment were evaluated.
The effect of the preparative procedures on the tissue is
to a large extent subjective, but when hundreds of micrographs
are critically evaluated, certain definite trends emerge.
Results and Discussion
Effect of different buffer systems
The use of Na-Na-phosphate buffer (Figure I), generally tends
to cause a slightly more granular appearance than do the other
buffers . Material processed with this buffer always yielded
higher contrast than Na-cacodylate (Figure 2) or PIPE S
(Figure 3).
The granular appearance of the phosphate-buffered materi-
al could not be due to the precipitation of a glutaraldeh yde/
osmium /phosphate complex (Hendriks & Eestermans 1980),
as these complexes have been reported to be associated with
phosphate buffer concentrations higher than 0, I mol dm - 3
(Hendriks & Eestermans 1982).
Granular precipitate was always associated with PIPES
buffer whenever fixation times exceeded 4 h, and sometimes
even with fixation times of I h. This often leads to totally
unacceptable results (Figure 4).
It is generally accepted that PIPES molecules do not pene-
trate cells to any great extent through the membranes (Good
et at. 1966). If this is so, this would effectively mean that the
glutaraldehyde is essentially unbuffered at the site where
crosslinking of proteins takes place. If unbuffered aqueous
glutaraldehyde at pH 3,4 is used as fixative, essentially the
same granularity is observed (Coetzee& van der Merwe 1984).
Dense osmiophilic globules at the periphery of thylacoids
were observed only when fixation times were kept short
(Figures I - 3). These granules disappear differentially after
longer fixation times, depending on the buffer used. With Na-
cacodylate or PIPES they are not visible with fixation times
longer than 4 h. With Na-Na-phosphate fix ation times exceed-
ing I h result in the disappearance of these globules.
Plastoglobuli in the chloroplast matrix are progressively
extracted with all three buffers during fixation. They appear
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Figure I Fixation for I h in 2,5070 glutara ldehyde in 0,1 mol dm - 3
Na-Na-phosp ha te buffer , pH 7,2. All figures are fro m palisade
cells of a single bean leaf. Negat ives processed simulta neously and
printed on the same grade of pap er at the same mag nification. Scale
bar = 0,5 urn.
Figure 2 As Figure I, with Na-cacodylate buffer. Scale bar = 0,5 urn.
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Figure 3 As Figur e I , with PIPES bu ffer. Scale bar = 0,5 urn .
much less electron-dense on micrographs of tissues fixed for
prolonged periods when compared to tissues fixed for I to 4 h
(compare Figures 2 & 5). A pronounced general decrease in
contrast is also associated with these prolonged fixation
periods (Figure 5).
Our own experience with the different buffer systems
suggests that microtubules are visualized better with PIPES
than with the other buffers. This is in agreement with Luftig
et al. (1977) and Hayat (1981).
Subjective evaluation of our results indicates that maximum
fixation times should not exceed 16 h for Na-cacodylate,
2 days for phosphate and 4 h for PIPES-buffered glutaralde-
hyde, and may be different for other tissues. The most accept-
able fixation in all cases, was obtained with 1 h fixation
schedules.
The extraction of substances from the tissue during fixation,
shows approximately the same tendency. Least extraction is
found in Na-phosphate-buffered glutaraldehyde, with very
much higher amounts of substances extracted by PIPES and
cacodylate-buffered fixatives (Coetzee & van der Merwe 1984).
The reason for the significantly better preservation of the
tissue during prolonged fixation, if phosphate is used as vehicle
for the aldehyde, may be found in this lower extractivity.
Effect of extended periods in buffer wash
All results indicate that minimum periods in buffe r rinses are
advisable. This is the case with both the pre- and the post-
osmication buffer rinses.
The effects on endomembranes are the most obvious. These
membranes start to become indistinct after as little as 1 h in
PIPES buffer. Phosphate and cacodylate have the same effect,
but this only becomes visible after 16 h. Advanced degradation
of general membrane integrity is visible after 2 days in
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Figure 4 Fixation for 4 h in 2,5 070 glutaraldehyde in 0,1 mol dm - 3
PI PES buffer. Scale bar = 0,5 urn.
Figure 5 Fixation for 7 days in 2,5070 glutara ldehyde in 0, 1 mol dm - 3
Na-cacod ylat e bu ffer. Scale bar = 0,5 urn.
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Effect of extended periods in acetone
The amount of ultrastructural damage is inversely proportion-
al to the acetone concentration. This is especially evident when
the material has been processed in PIPES buffer.
Anhydrous acetone , even when applied for periods up to
7 days, causes very little ultrastructural alteration (Figure 9).
The only obvious effect of 28 days in anhydrous acetone
(Figure 10) is an increase in contrast which must be ascribed
to extraction of compounds from the tissue, as well as an
increase in differential membrane vesiculation. This vesicula-
tion is seen as a slight swelling and disorganization of the grana
lamellae in the chloroplasts.
In no other preparatory step could material be left for pe-
riods even approaching these times, without dramatic damage
becoming visible.
Na-cacodylate and PIPES (Figures 7 & 8) whilst the effect of
this length of exposure to phosphate buffer is not as visible
(Figure 6).
Mitochondrial membranes are more resistant to damage.
Deleterious effects on the clarity of the mitochondrial mem-
branes become visible after 4 h in PIPES and 2 days in
cacodylate and phosphate, but are never as prominent as in
the case of the other membranes.
All samples left in the pre-osmication phosphate wash for
7 days or longer, became contaminated with bacteria and /or
fungi, with disastrous effects on the ultrastructure.
The effect of extended buffer rinses on the material is much
more obvious than that of prolonged fixation time. Even for
non-critical applications, the minimum exposure of material
to buffer rinses should be attempted.
Figure 6 Pre-osrnicat ion buffer wash for 2 days, Na-Na-phosphate
buffer. Scale bar = 0,5 urn .
Figure 7 As Figure 6, Na-cacodylate buffer. Scale bar = 0,5 urn . Figure 8 As Figure 6, PIPES buffer. Scale bar = 0,5 urn.
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Figure 9 Anhydrous acetone, 7 days . Material fixed in 2,5070
glutaralde-hyde in Na-cacodylate buffer. Scale bar = 0,5 urn .
Figure 10 As Figure 9, 28 days , acetone. Scale bar 0,5 urn.
Conclusion
If material cannot be processed through all the preparatory
steps immediately after collection, fixation times may be
increased, especially if phosphate buffer is used. Fixation
should not be prolonged for more than 2 days in this case.
Processing should proceed with minimum times alotted to
buffer rinses and to dehydration. However, our experience
indicates that material may be kept in anhydrous acetone for
some days at least.
The best results are, however, consistently obtained with
a minimum -time schedule.
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